Originality/value -The Correspondence analyses not only confirmed important gaps for future research, but also identified which disciplines would be best suited to take up these challenges.
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Introduction
In current knowledge economies, employees are the most important asset for organisations.
Besides their high costs, they have an important position as a knowledge producer (Drucker, 1999; Laing and Bacevice, 2013) . The office, where employees spend most of their day, is no longer (just) a means to keep the organisation's employees dry and warm. Instead it has become an important resource to steer organisational performance and employee productivity and fight in the war for new talent (Haynes, 2008a; Riratanaphong, 2014) .
Over the past three decades, two management concepts that are responsible for planning, managing deployment, use and financial exploitation of the real estate resources of the company have professionalised under the terms corporate real estate management (CREM) (e.g. Brown et al., 1994) and real estate facility management (FM) (e.g. Cotts et al., 2009) . Ultimately, these managers make decisions on the design of the physical work environment that is implemented, supposedly based on a consideration of costs and benefits (De Vries et al., 2008) . However, while the cost transparency in commercial real estate is usually relatively high and cost management is appropriately professional (Haynes and Nunnington, 2010) , benefits management is not so clear, and the criterion of cost minimization dominates (Feige et al., 2013; Hartmann et al., 2007; Heywood and Kenley, 2008; Lindholm and Leväinen, 2006; Sarasoja et al., 2004) .
For CRE and facility managers (FM) to decide on how to allocate costs to achieve optimal benefits, they need evidence for all relationships between physical work environment input variables (e.g. layout, indoor climate and aesthetics) and organisational/employee outcome aspects (e.g. productivity, performance and attitude). This need has induced a wave of research in the last two decades into the added value of workplace environments for employees. As this is an interdisciplinary management and academic research problem, both scientists from psychology backgrounds and those from many disciplines involved in design, construction and operation of real estate have dealt with this question (Haynes, 2007) . Such studies have shown that the office can be an important instrument to generate employee satisfaction (Maher and Hippel, 2005) , productivity (Collinge et al., 2014) , health (Wells, 2000) , communication (Kim and De Dear, 2013) , performance (Wang and Boubekri, 2010) and many other outcome variables. Some of these studies include many input variables (e.g. Maarleveld, Volker, & Van der Voordt, 2009) , where others focus in detail on just one or two (e.g. Srivastava, 2008; Kwallek, Soon, & Lewis, 2007) . Besides the many different input and output variables used in such studies, many different methodologies for data collection are also visible. Unfortunately, there are no existing studies that identify which known physical work environment variables have been studied in relation to which known employee outcomes and which methodologies are used to do so by which academic disciplines. Existing literature reviews are extensive and provide valuable insights for practice and theory, but still focus on a limited specific subset of input and/or output variables, for example indoor air combined with comfort, health and performance (Wolkoff, 2013) , broad effects on stress as the only outcome variable (Rashid & Zimring, 2008) or office concepts' effects on health and performance only (De Croon et al., 2005) .
Additionally, research into a possible disciplinary propensity to a limited content and diversity in approach would provide valuable insights into how the support of employees by their physical work environment has been studied, and even more importantly who would be best equipped (based on their past experience) to take up well-known research gaps in the field. We hope that this will induce transdisciplinary studies on long-existing research gaps, which could provide evidence for better informed decision making on what appears to be longstanding issues in practice.
The traditional view of an academic discipline is an area of study with its own vocabulary, theories, strategy and techniques for replication and validity (Donald, 2002 (Kuteeva and Negretti, 2016) . Therefore, this paper aims to identify the focus of different research disciplines looking at work environment input variables and employee outcomes, which gaps in workplace research still exist and which disciplines would be best suited to work together and embrace these topics. It provides a review of a sample from existing empirical research on the added value of the physical office environment for employees (111 journal articles published in 50 different scientific journals and 23 studies published in a different way). All studies were analysed on the parameters that were used to describe the physical office environment and organisational/employee outcomes, the methodology used (e.g. questionnaires, case studies) and the discipline/background of the main researcher. Through descriptive analysis (cross-tables and bi-polar graphs of Canonical
Correspondence analyses) the following research questions are answered:
1. What is the focus of authors from different research disciplines on workplace input and employee outcome variables and which research methods do they prefer?
2. Which gaps in current research can be identified for:
a. Input and outcome variables used and their association with each other?
b. The methods that are used to study input and outcome variables?
3. Which research disciplines should work together to fill current research gaps?
The next section describes the method and procedures followed to obtain the database of studies. The results section starts with a descriptive analysis to get an overview of the field. This is followed by the results of Canonical Correspondence analyses of cross-tables to identify the focus of disciplines and identify the remaining research gaps in this field. The paper ends with answers to the research questions and recommendations to advance the field with more innovative, interdisciplinary research. Correspondence analysis (CCA) was most appropriate for this database's analysis.
Materials and methods

J
Identification of relevant studies
The target was to find high quality academic articles, conference proceedings and other publications from research organisations that were empirical studies from all research disciplines and all over the world. We searched common online databases like Scopus, Web of Science, published unique studies were tagged. Although the literature research was extensive, it makes no claim to completeness as the authors might not have had access to all journals. Also, only studies reported in English or German were examined. The search provided studies dating back until the 1930s, but most of the old articles were not available anymore. The search for more papers was stopped at mid-2015, when no new disciplines or input/outcome parameters came forward. Only studies with a transparent design and method that showed empirical results for relationships between the physical office environment and employees were eligible for further analyses. The quality of the empirical analyses in the studies was not judged, but assumed sufficient as their peers had accepted them for publication. Literature reviews were excluded, as these all had a specific focus on a limited set (or sets) of parameters. The intention was to obtain insight in what where the parameters in the various fields rather than being guided by what previous reviews have found.
This procedure led to a sample of 134 studies (see Figure 1 for the flow diagram of the procedure 
Relevant input and outcome variables
Both inductive and deductive steps were used to develop categories of relevant variables for the intended analyses. The articles were first read to identify lists of key parameters of the physical office environment (input) and its effects on employees (outcome). A higher validity was sought through the use of investigator triangulation, by assigning some of the studies to two researchers and comparing the parameters that were identified by both. No major differences in coding the papers came forward. Next, the list of input parameters was related to existing studies that specifically Table 1 ). This was done in order to achieve a correct assignment of input parameters to categories. The last two columns in Table 1 show the seven main input categories that have been composed from this and were used in the analyses, plus the 19 parameters identified in the studies that have been assigned to them, based on them fitting in this category according to one or more of the factor analyses. The aspects in the studies to measure outcome are listed in Table 2 . As there was no study available that systematically created categories of all these aspects, they were aggregated into variables by the authors of this paper. First, we listed the main outcome variables in the studies that were either deductively or inductively identified (left side of Table 2 ). We did not divide them into individual, team or organisational outcomes, because almost all studies were on an individual level.
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Next, we grouped aspects that could be seen as synonyms or terms that express a similar topic.
For satisfaction, feeling of control was considered an intangible expression of satisfaction and the term preferences to show what someone likes. Performance describes how someone is able to do something and is usually measured subjectively through perceived self-performance or supervisor ratings. On an organisational level, effectiveness and (staff) turnover are considered as performance too. Productivity is a more tangible parameter in repetitive tasks, because it shows the input-output rate, but is also usually measured in a perceived way for office workers. The subdivision between performance and productivity led to a lot of discussion between the authors, as many studies use performance and productivity as redundant items (Feige et al., 2013) . Health covers all physical and psychological problems that people are struggling with. Emotional state describes the employees' short-term mental state, while attitude captures the long-term condition. The word comfort refers to employees' feelings specifically with regard to the indoor climate. Concentration, privacy and communication are the behavioural outcomes. How employees feel about the possibility to concentrate at their work includes the antonyms distraction and crowding. Communication describes any interaction between people within the organisation. 
Creation of the database and methods for further analysis
After the lists of variables were determined, the articles were reread to code them and enter them correctly into an SPSS database (authors, year, title, journal name, research area of the main author, all input/outcome parameters and categories, research method, disciplinary background main author). If a parameter was addressed and measured in the empirical work of the study, this parameter scored 1, otherwise it scored 0.
Next, the custom tables function was used to generate cross-tables for the Canonical Correspondence Analysis (CCA). CCA is a descriptive/exploratory technique that graphically displays cross-tables to identify specific tendencies in the tables and can be traced back to the 1930s (Yelland, 2010) . It is used in many areas such as marketing and ecology (Doey and Kurta, 2011) to look at categorical data for which no specific hypotheses have been formed. It is a special case of principal components analysis (PCA) for categorical data and provides an isotropic graphical representation of relationships. Each column and row variable is placed in a symmetrical two-dimensional matrix (also called a bi-plot). Dimension one always explains the most variance. Distances between points in these graphs refer to their relationship: the closer they are, the stronger the association among them (Moncada et al, 2010) . To determine relationships between the rows and columns of a cross-table The number of dimensions was set to two (which is default) because it is the only way to be able to visualize the results clearly. Also, this sufficed for answering the research questions that we posed, where increasing to three or more dimensions would increase complexity and subjectivity in interpreting results (Sourial et al., 2010) .
CCA is a non-parametric statistic that does not reveal whether the association between variables is statistically significant, but instead is used post-hoc to explore things (Doey and Kurta, 2011) .
Statistical analysis (Chi-square analysis) was not possible because the large number of variables breached test assumptions. However, comparing expected and observed counts can provide interesting findings in a study describing an entire field of research like this one.
Results and discussion
Focus of research disciplines
Table 3 on input variables shows that about half of the studies contain aspects from the psychosocial and/or indoor climate categories. About one third looked at aspects of the office layout, individual space and/or the aesthetics + architecture category, and only 10% measured accessibility and/or services and facilities. Looking at the variables within the categories, the psychosocial studies focus most on distraction (especially indoor noise and the possibility to concentrate) and privacy aspects. Light is the most popular indoor climate topic. The office layout is mostly approached from a design point of view instead of studying layout use. Individual space storage has not received much attention. Within the aesthetics + architecture category, the office décor (especially colour use) has received a lot more attention than the outside view. With regard to accessibility the focus of research lies on the location, not on building accessibility.
2 For the exact mathematical calculation, refer to Yelland (2010) . The research discipline of the authors was divided into seven categories (see Table 5 ), which showed that a third of the studies are performed by psychology academics and another third by economy/management (10%), real estate (7%), engineering/ergonomics (7%), building physics (5%) and health (4%). Table 5 also shows whether research disciplines have a tendency to focus on certain input categories, which is visually displayed in the CCA in Figure 22 . The table shows that psychology researchers have a broad interest in many input categories, but in the CCA it is visible that they specifically like psychosocial and individual space input categories. Architecture academics have a relatively larger interest in indoor climate, while real estate, health and economy/management researchers prefer to study the office layout and individual spaces in it. Nobody has really embraced studies on accessibility. The authors from engineering/ergonomics and building physics departments do not have a strong focus on specific input variables. With regard to outcome variables (see Table 6 ), psychology, architecture and real estate academics have studied all outcome variables. Other disciplines limit themselves to a more narrow focus, especially building physics. The CCA in Figure 33 shows that authors in an economy/management group focus more often on attitude of employees, where architecture academics focus more on privacy, comfort and concentration. Table 7 shows the research methodologies that have been used. Field studies were much more popular (60% of the studies) than laboratory studies (18%) and field experiments (13%); possibly because for some physical aspects it is expensive and difficult to change them systematically. As many outcome aspects relate to the opinion of employees, questionnaires were most popular (87%), but interviews apparently not so (10%). Not so many studies tried to obtain hard data, by taking physical (25%) or physiological measurements (6%). When such measurements were taken, most of the time (respectively 85% and 88%) this was combined with a questionnaire. Only two studies chose observations as a single method, while others combined it with other methods. The CCA (see Figure   Page 15 
Figure 4 Correspondence analysis area of research versus methods used
The first research question in this paper dealt with the specific focus of research disciplines that have an interest in the effectiveness of physical office environments for employee outcomes. This sample of empirical studies has shown that psychology and architecture researchers dominate the field, followed by management, technical or health oriented disciplines. Although both main disciplines have studied all input and outcome variables, they each have their own preferred topics.
As expected, psychology researchers tend to prefer studying the effect of psychosocial conditions (control, distraction, privacy) on performance and emotional state, while scholars in architecture tend towards a more technical focus on effects of indoor climate on health and satisfaction.
Management and health disciplines on the other hand especially like to study effects of the office layout and the individual workspaces in it on emotional state, attitude and performance. Real estate researchers more often studied their effect on productivity and communication. However, their tendency to focus on measuring very detailed effects has a downfall that the total 'system' of effects is less well documented. As the management field has a tradition of creating holistic concepts and management theories, their involvement is much needed to provide CREM/FM in practice with a feasible way of implementing research findings.
Each discipline also has its preferred research methods, although field studies (60% of the studies) and questionnaires (87%) clearly were the preferred method in the entire field. Psychology researchers have a larger tendency towards laboratory experiments, management disciplines towards field studies and building physics and health researchers towards field experiments. This makes sense, as it is what they are taught and are proven methods for the topics they generally study, but it would be interesting to test whether different methodologies on the same topic yield the same results. Table 8 shows that almost all input categories have been studied in regard to all outcome variables. The highest amount of studies in the database looked at satisfaction with psychosocial aspects (n=53), indoor climate (n=43), office layout (n=33), individual space (n=33) and aesthetics + architecture (n=31). Studies on the effects of psychosocial aspects (n=27) and indoor climate (n=26) on performance have also been popular. The only combinations that were not in the database are the effect of building accessibility on communication and the effect of building services/facilities on employees' emotional state (both these input categories contain just a few studies in general).
Research gaps
This section reports the results of the Canonical Correspondence analysis to dive deeper into research gaps .Input versus outcomes
The CCA (see Figure 5) shows that psychosocial aspects and individual space are relatively often related to attitude, performance, satisfaction and productivity. They are, however, used relatively less in studies related to a person's emotional state (e.g. Veitch et al., 2008; Wang and Studies on the office layout focused more on privacy, concentration and communication and again relatively less on health, comfort and emotional state. Studies that did study the effect of layout on health and comfort focused on layout design, without studying the effect of layout use.
There were also no studies in the sample on how layout use, the quality of the individual workplace and storage relate to employee mood/emotional state or whether storage options could influence feelings of privacy and communication. 
Figure 5 Correspondence analysis input categories versus outcome variables
The first part of the second research question dealt with gaps in research based on input and outcome variables and their association. The input categories that most strongly need further research are accessibility of the office and the services/facilities that are offered. Building accessibility is a topic studied well with regard to safety and evacuation, but appears to be considered as less relevant for the outcomes distinguished here. More research could point out if this is a valid assumption or not. It would, for example, be interesting to relate it to the amount of communication between employees, as the entrance is a place that everybody passes by. In practice, workplace is increasingly considered as a full-service offer, so it is necessary to find out which services should be delivered in which way to optimise employee support. Concentration, privacy and communication are the outcome variables that could particularly use more research. This is surprising as the issue has been a problem in offices for decades and has become even more
important with the increased complexity of knowledge workers' tasks. The field desperately needs studies of how input variables can provide a balance between privacy and concentration on the one hand versus increasing communication and knowledge sharing on the other hand, both in traditional and in activity-based environments. In the latter environments, the effects of layout use, the individual workspace and storage on health, comfort and emotional state are also very rare, which are necessary to explain why some implementation projects are successful where other (seemingly equal) ones fail. This leaves the CREM/FM in need for a clear business case to convince their clients.
Application of different research methods
Besides the variables used in studies, it is also relevant to have a look at the methods that were used to gather data. These can also influence which results have come forward and show gaps for more innovative approaches to studying a certain topic. Not all methods have been applied to all input categories in this sample of studies (see Table 9 and Figure 6 ). The studies with physical measurements focus on indoor climate (e.g. Feige et al., 2013) , psychosocial aspects (e.g. Lee et al., 2015) and aesthetics (e.g. Appel-Meulenbroek et al., 2010) . The field studies (with questionnaires, interviews and/or observations) tend to focus on individual space, office layout and services/facilities (e.g. Maarveld et al., 2009) . Studies with physiological recordings are rare and do not have a specific input focus. There are no such studies in the database that looked at the effect of layout, individual space or services/facilities. So far, these studies have focused on arousal due to colour (e.g. Küller et al., 2009) , light (Küller and Wetterberg, 1993) , commuting problems (Evans and Wener, 2006 ) and thermal discomfort (Lan et al., 2011) .
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Page 22 of 31 Journal of Corporate Real Estate
In general the database contained more studies with physical measurements (n=33) than with physiological recordings (n=8) and the studies with physical measurements do not focus on a specific outcome variable. However, only a few studies related physical measurements to emotional states (e.g. Smolders et al., 2012) . Also, the outcomes related to employee activities are hardly studied with physical measurements, like communication (Bakker et al., 2013) or attitude (Feige et al., 2013 rates. The focus on questionnaires in 95% of the studies on productivity in the sample seems particularly dangerous as that way only perceived productivity is measured. Lab experiments on productivity, privacy and communication might benefit the field by providing real effects of the workplace, as opposed to perceived ones. However, for productivity first a different measure than perceived productivity would have to be determined, which remains a difficulty and subject of debate up to now. Interviews could shed even more light on how to create feelings of privacy. As this is a workplace topic that still raises many problems, this seems a very relevant methodology to better understand successful implementation of activity based concepts and other open plan environments.
Although satisfaction, performance and health form the top three outcome variables that have been studied most, the following combination of research methodologies and input categories would be innovative with regard to all three outcomes:
• Layout use studied with other methods than a questionnaire (e.g. interviews, observation) and also by taking physical and/or physiological measurements;
• Physical measurements of psychosocial conditions for interaction and personal control;
• Taking physiological recordings when studying the effect of atmosphere and quality of the individual workplace, the indoor climate and/or the aesthetics + architecture; and
• Taking physical measurements of the size and storage of the individual workplace.
Interdisciplinary research challenges
The causal relationship between physical office environments and employee outcomes is systemically complex. this review of empirical studies showed that disciplines also focus on specific input and outcome variables, such studies could benefit from a broader application of less common research methods by all disciplines individually. But most of all, the field would benefit from interdisciplinary research teams that combine their strengths to study the research gaps identified in this paper. Therefore, the third research question of this paper asked which disciplines could work together in interdisciplinary research to fill the existing research gaps. "It has been observed that the most interesting ideas emerge on the boundaries between disciplines" (Connor et al., 2016, p.2 ).
Based on their preferences shown with the analyses done here, the gap for studies on concentration, privacy and communication could be closed through cooperation between architecture and real estate researchers, because architects like to study privacy and concentration while real estate scholars are more experienced with the topic of layout and communication.
Another challenge for these combined disciplines is to study layout use with methods other than a questionnaire, such as interviews/observation and specifically taking physical and/or physiological measurements. They should also include more physical measurements of the size and storage of individual workspaces when they study its effects on employees.
Innovative studies on effects of layout use on health, comfort and emotional state could be covered by combining real estate with health disciplines (that both like to study layout and the latter also emotional state), together with building physics experts to cover the comfort topic. If real estate academics would work with colleagues with a psychology background, they could also look more closely at how to use physical measurements to capture the psychosocial conditions that allow interaction and provide a feeling of personal control to employees. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 Psychology researchers should be well equipped to take up the research gap of effects of psychosocial conditions on mood/emotional state. If they worked more with architects and building physics researchers, they could help them take physiological recordings when studying the effect of atmosphere and quality of the individual workplace, the indoor climate and/or the aesthetics + architecture.
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Conclusions
This study took a different approach for doing a literature review than most review articles.
Rather than bringing a theoretical framework to the review, we let the studies 'speak' to us by way of what were their parameters. By using the parameters of the reviewed studies as input for crosstables and Canonical Correspondence analyses, the overall research gaps in the broad and diverse field of physical office environment studies on effects on employees could be assigned to feasible future multi-disciplinary research projects that will further enhance the field of CREM/FM. After the field came within the scope of general management in the 1990s, and has been studied in a lot of detail in the first 1.5 decades of this century, it is now time to work towards comprehensive and holistic models of implications of workplace management. Given the large number of variables this seems unrealistic for empirical research, but a theoretical framework (created from a complete set of empirical studies of sub-systems) could be feasible and very valuable. The set(s) of parameters shown from this study could provide a basis for developing that study; for space reasons that is not done here. Besides from the fact that studies could spend more effort on translating findings to practice to (im)prove their practical relevance, the continuing struggle in practice to present convincing business cases for physical work environment projects shows that the spread of studies over many disciplinary fields and the often fragmented approach of studies might also be limiting take up of findings in practice. The announced research goals of a lot of papers in the sample were to clarify the causal relationship between physical office environments and employee outcomes. From the different disciplinary points of view that might seem comprehensible. But taking into account all J o u r n a l o f C o r p o r a t e R e a l E s t a t e 28 input and output variables from an interdisciplinary standpoint we have to state that there are still more questions than answers. The interdisciplinary research challenges clarified in this paper should help fill existing research gaps and then clear the way for meta-studies and other attempts to create overall theories and management methods. All future empirical studies should start taking up more control variables, to be able to pinpoint pure effects of certain input variables.
As the corporate real estate and facility management function in practice has to integrate the results from all these disciplines and variables, the real estate research field should also start playing a bigger part in such holistic workplace studies. To get more insight in total effects, both detailed within-category studies are necessary to study relative impacts within the input categories, but also broad between-categories studies to study the relative impact of input categories. This would require expertise from many disciplines and a broad set of measures and control variables to include in future studies. Besides that, real estate and management academics could study how proven benefits can be expressed in money and then perform cost-benefit studies, as this might be the ultimate way to convince practice of actually spending money on interventions to improve work environments to support their employees.
A limitation of this study is its reliance on availability and access to articles to be included in the database. As all authors were Europeans, this might have created a heightened familiarity with and access to studies from this region. Another point is the interpretation of variables, as it became clear that different definitions are used for the same terms. Although the explanations of the operationalisation of variables was carefully read to determine how to include the study in the database, authors from different papers might still have had different ideas when studying variables like productivity and performance. These two outcome parameters are often used redundantly in all research fields. Also, assigning a discipline to the studies based on the affiliation of the first author disguises potential multi-disciplinarity of some of the research teams. So far, real world office design decisions by real estate managers are made under great uncertainty instead of being well-informed. To be precise: from an analytical standpoint those decisions are up to now based on trial and error and gut feeling of the decision makers. Because the labour costs of knowledge intensive companies is 80 % and the real estate costs is normally only 10 % (Pfnür, 2014) , the great uncertainty of the productivity impact of the physical office environment can become really costly. The leverage to create value through higher labour productivity caused by efficient real estate resources is as high as the leverage to destroy value in case of insufficiently designed office environments . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
